constant level, in the case of asthma, until the pathophysiologic changes of spasm, hypersecretion, and edema are somewhat advanced.
The bronchiolar obstruction characteristic of this disorder reflects itself most directly as change in airway resistance. This may be measured in a whole-body plethysmograph as described by DuBois et al. in 1956 . 5 It yields a highly sensitive index of asthmatic dysfunction and is relatively independent of subject cooperation. 32 In 1958 Ottenberg and Stein 20 gave a clinical account of 2 asthmatic subjects, both of whom showed increasing airway resistance over a brief period of time in a whole-body plethysmograph of the kind originally described by DuBois et al. s Their apparatus was a steel chamber with a small window and an autoclave door. One of these subjects openly expressed anxiety; the other responded with conscious elation and a feeling of pleasure in the apparatus, in spite of steady increase in his airway resistance. In our ongoing studies of a number of asthmatics followed over time, we decided to investigate the possibility of serial measurement of airway resistance in a whole-body plethysmograph designed for greater patient acceptance. Earlier studies had suggested the value and feasibility of this technique for study of patients with chronic pulmonary disease. 18 ' " An additional method, aimed at assessing variations in the vulnerability of the airways, centered around the use of parasympathomimetic drugs. These have been a widely used stimulus in testing psychophysiologic functions, as Rose indicated in his review of the "Funkenstein Test." 22 Although most of these studies have dealt with changes in blood pressure, Funkenstein 10 reported on the effect of Mecholyl on asthmatics. He advanced tentative evidence from a few subjects that asthma might alternate with psychosis, and that these alternations might VOL. XXIX, NO. 5, 1967 be accompanied by concomitant shifts in the response to Mecholyl injections. 10 Tiffeneau 25 " 29 in work extending over 15 years, has tested asthmatics repeatedly with bronchoconstrictive agents, mainly acetylcholine and histamine. His work indicates that asthmatics are abnormally sensitive to these substances, that this sensitivity can precede the first clinical manifestations of asthma, and that changes in sensitivity are progressive. In subsequent studies he attempted to investigate the relationship between emotional factors and sensitivity to acetylcholine. His behavioral assessments were rather crude. He tried to delineate 3 groups, varying in sensitivity to acetylcholine, who responded differently to what he called "major" or "minor" "psychoshoeks." 27 The higher the sensitivity to acetylcholine, the greater the readiness to respond with asthma even to a "minor psychoshock" and vice versa. In another brief study he found some evidence of a similar effect of asthma in students under "intellectual exertion" ("surmenage intellectuer). 28 In addition to repeated observation of pulmonary function, we made a preliminary attempt to relate these fluctuations to emotional change. We assumed that the two physiologic variables-airway resistance and response to bronchoconstrictive challenge-would, in our selective sample of asthmatics, be at least partly dependent upon emotional factors. We were guided by a broad model of asthma described more fully elsewhere. 12 -1S This conceives a number of conditions as necessary for the outbreak of actual asthma:
1. A "sensitized pathway," or life-long vulnerability, developing on a basis of inheritance, augmented by varying degrees of environmental reinforcement.
2. Activation of a reflex process characterized by increased efforts to breathe in, and by a set of pulmonary eliminative responses, characterized by bronchospasm, hypersecretion, and edema, which is reinforced over reverberating neurophysiologic pathways. This may be activated by physiologic stimuli, such as allergens, nonspecific bronchial irritants, or infection, or by symbolic stimuli (analogous to the celebrated "paper rose" of MacKenzie 18 ). If the latter, certain further conditions are necessary: (a) a short-term vulnerability, or breakdown of habitual defensive processes; (b) displacement and expression of conflict in the respiratory sphere in a manner analogous to a conversion process; and finally, (c) a characteristic process of drive arousal and restraint. The asthmatic paroxysm is postulated to be a representation of powerful emotion, which absorbs the individual and which makes a powerful demand on the outer environment.
This schema does not dispense with the importance of precipitating stress of varying degrees, implied by TifFeneau's "major" and "minor" "psychoshocks." Yet it lays emphasis on the final impact of the event for a given subject at a given time. Precipitating factors are assessed in terms of their meaning. This involves, in turn, rating a number of emotions, particularly anxiety, anger, and depressive affect. More important, it involves assessing the defensive structure of the subject. Defensive patterns have proved to be valuable indicators of physiologic responses in several recent psychoendocrine studies. 9 -"• 23 '
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Our working hypotheses were thus: 1. Airway resistance would fluctuate significantly more in an asthmatic than in a nonasthmatic population.
2. A challenge dose of parasympathomimetic drug would lead to greater response, and greater variation in response, in an asthmatic than in a nonasthmatic population.
3. Fluctuations in airway resistance would correlate with independent measures of emotional disturbance;.
Method
In a preliminary phase of study, 5 subjects, all of whom had chronic perennial asthma and minimal evidence of an allergic component, were exposed to inhalation of the bronchoconstrictor drug, carbachol, and its effect observed on their timed vital capacity. We found that the amount of carbachol required to reduce the forced expiratory volume by a predetermined factor of 20% varied markedly from occasion to occasion. We could not be sure that the highly variable responses were to the stimuli alone or whether they were confounded by the relative insensitivity of the vital capacity measure and its dependence upon subject cooperation.
Accordingly we turned to the whole-body plethysmograph, which revealed day-to-day changes and which reflected even more sensitively the response to an inhaled challenge substance. We then combined these 2 techniques in an experiment using 5 asthmatics (3 of them from the original preliminary group). Of the final 5 subjects, 2 were female, 3 male; their ages ranged between 22 and 38. They were observed over a 4-month period (October 1964 to January 1965). All of them were in long-term psychotherapy on a research basis, receiving simultaneous medical treatment from our investigative group.
In addition we studied 3 comparison nonasthmatic males, aged 30 to 35.
The whole-body plethysmograph was constructed by one of us (H. C.) and was specifically designed to minimize disturbing aspects. Shown in Fig. 1 , it is made of rigid plywood, painted pastel blue and has 2 windows, as well as a whole side constructed of Plexiglass, through which the subject enters. The internal volume is 500 L., which is ample yet consistent with sensitivity. It is of the constant volume principle, as suggested by DuBois and Dautrebande. 0 The patient steps in easily and sits comfortably, having the experimenter in full view. Testing is achieved by panting through a mouthpiece while the nose is occluded. Measurements are made at the functional residual capacity (F.R.C.) position. Airway resistance is determined by performing 2 sequential maneuvers, which produce 2 ratios. The first relates alveolar pressure (Alv. Pr.) to plethysmograph pressure (Pleth. Pr.) and the second relates airway flow rates (Air Fl.) to plethysmograph PSYCHOSOMATIC MEDICINE pressure. These ratios are divided as follows:
Alv. Pr./Pleth. Pr. Air Fl./Pleth. Pr.
The resultant shows the amount of pressure necessary to produce a given flow, which by analogy to Ohm's law defines airway resistance. In practice, the slope is read at flow rates of 0.5 L./sec. and always on the expiratory side. As suggested by Briscoe and DuBois, 2 we are expressing this as conductance, the reciprocal of resistance, and relating this to the thoracic gas volume at which the measurement was made, inasmuch as conductance increases at larger lung volumes (i.e., resistance falls). The value for the volume of the thorax at the instant that resistance is measured can be calculated to unit volume in our results. The effect of the increased F.R.C. which is known to follow bronehospasm 17 is obviated. The period of testing takes 5-10 sec. and is repeated 3 or 4 times during a determination period. (The mean of these determinations is considered as a single observation in the tables below.) Except for moments of testing, the subject can be in complete communication with the experimenter. The method is much more sensitive than other methods based on observing air flow; increases in airway resistance approaching twice normal values can occur before changes can be detected by vital capacity and forced expiratory volume measurement.
The bronchoconstrictor used in the challenge was carbachol U.S.P. (carbamylcholine chloride), a powerful parasympathomimetic agent. It is stable in dry form or in aqueous solution at ordinary temperatures. It is also highly soluble in water, and one can readily obtain a neutral, nonirritating solution. Aerosols were produced, using a generator described by Dautrebande in I960, 3 producing particle sizes below 0.5 ^. Under constant pressure (14 psi), the out- put of 0.1* carbachol, dissolved in a 50% water propylene-glycol vehicle was approximately 0.004 mg. per inhalation. Inhalation itself was controlled by having the patient breathe at a fixed rate of 12 breaths per minute, regulated by a metronome. In a given individual, depth of respiration appeared to be relatively constant from test to test. After preliminary observations the number of inhalations was set for each patient. For most it was 10 inhalations, though there was some variation in sensitivity among subjects. The challenge dose was adjusted to produce clearly detectable, though not incapacitating or distressing, reduction in airway conductance.
Psychological observations and ratings were made by independent judges on a basis of interview material obtained just before the pulmonary function tests. Interview material was assessed qualitatively and globally by the therapist himself, who was asked to give a narrative description of 3-to 4-month periods of intensive data collection. Then verbatim typescripts were made of the interviews of 4 subjects (sessions of 1 of the subjects, R.R., were not tape recorded). Using methods developed previously, 14 2 judges, both of them experienced in rating verbal material, rated in each interview a number of emotions and a variable called "defensive strain." Finally, each subject was asked to rate the intensity of his asthmatic symptoms on a 5-point scale over each 24-hr, period.
Emotions were pragmatically defined; included in the definitions were specification of 4 points on an 8-point scale, along with sample cues. Ratings of emotions were designed to focus on the state of the individual at the time of physiologic testing. The same was true of defenses. Patterning of defenses was described, and a rating was made of "defensive strain," defined as: (1) behavioral maneuvers unusual (for the individual) and unsuccessful (at least in part), which are aimed at preventing full, conscious, and explicit emergence of behavior, thought, or feeling of a threatening or unacceptable sort (for that individual); or (2) measures which are aimed at restoring such elements to a state of quiescence. This defensive strain variable was also rated on an 8-point scale, of which 4 points were defined. Further description of this approach is given elsewhere along with material illustrating the type of cue used.
14 Similar illustrations also appear in the clinical material given below.
Agreement between raters ranged from 0.64 to 0.86 (by Spearmann r), a statistically significant finding. Spearmann rank correlation coefficients were calculated for correlations between physiological and psychological variables in individual subjects. Differences between groups were assessed by the t test for paired observations. Table 1 shows the mean values of airway conductance before and after inhalation of carbachol in 5 asthmatics and 3 normal subjects.
Results

Group Findings
Mean base-line conductance (CA) is 503! higher for the normals than for the asthmatics, although this margin does not reach statistical significance in this small group. Mean conductance post carbachol cannot be compared statistically, since the treatment of each group was different. There is no overlap between the groups. Actually the most striking feature in these data is the differing treatment, the fact that normal subjects had to inhale carbachol in a 1% solution as against a tenth of 1% for the asthmatics, in order to produce an effect at all comparable. This tenfold difference in stimulus points out the radical difference between the groups.
The findings are extended to show the difference between the pre and post carbachol levels (Table 1) . There is only slight overlap. For all subjects there is a positive correlation, though of border-line significance, between base-line precarbachol values and subsequent postcarbachol values. Hence, some of the differences between pre and post values may be accounted for by the socalled law of initial values. There was similar positive correlation between the base-line value and the difference between it and the postcarbachol value. With the aid of a covariance model, as suggested by Laeey, it is possible to take account of this effect and to get an "adjusted difference score." Again, however, we see no overlap between the groups.
As to variance, this also is greater in the asthmatics (Table 1) . With one exception, the base-line precarbachol values for variance among the asthmatics are greater than those encountered among comparison groups. Post carbachol, the difference between the groups is clear cut. Under this condition there is no overlap between the groups. When the variance is calculated for the adjusted difference score, there is also minimal overlap. (By t test only the means of variance in adjusted difference is significant at p < 0.05, and if correction is made for heterogeneity of variance, which we prefer in such small groups, this significance disappears.)
In the asthmatic patients we tried to consider the possible effect of certain concurrent factors other than psycho-VOL. XXIX. NO. 5, 1967 logical influence. Changes with daily noon outside temperature and with medication were assessed, as shown in Table  2 . Except in 1 subject (P.L.), no significant correlations were obtained. This patient showed a better conductance on days of higher temperature. A record of all medications was obtained and assessed on a 4-point scale. There were only minor changes in the treatment schedule of asthmatic subjects during the period of observation. Correlation between Subject P.L.'s sensitivity to carbachol and the amount of medication was positive. We must recall that the predominantly sympathomimetic medication should reduce rather than enhance sensitivity to carbachol. It can therefore be assumed that if he had not been taking more medication his response to carbachol on the average would have been even greater. As we shall see, the correlation in his case may represent not so much a relationship to medication per se but an aspect of his greater sensitivity to carbachol when he was ill. The role of allergy was not systematically investigated. Seasonal allergic factors were presumably of minor importance, since the observations took place in the pollen-free season, October to January. Furthermore, it should be noted that these patients had been referred to us from the Allergy Clinic for emotional treatment as perennial asthmatics suspected of having only a minimal allergic component to their disease. Infections represent a more difficult problem, and as will be apparent from the clinical excerpts, there were a few instances of infection, which may have exerted an episodic brief effect on the data.
On the basis of a self-rating form, information was obtained about the subjects' self-evaluation of the degree of bronchocongestion for the past 24 hr. prior to the pulmonary measurements. Correlations between these subjective ratings and airway conductance, as well as sensitivity to carbachol, were all positive. There is a somewhat paradoxical note to this finding that complaints tended to be more when conductance was actually better. However, none of these correlations reached a level beyond that which might be expected by chance alone.
As to psijchophysiologic findings, typescripts of tape-recorded interviews over a 6-weeks period yielded ratings of a number of emotions. However, these were crude, and certain dramatic variations which showed themselves tended, as might be expected, to occur in sporadic bursts. No meaningful over-all pattern could be observed and no significant correlations with strictly emotion ratings were found.
The results for the defensive strain variable are shown in Table 3 , which gives the correlations between base-line conductance (CA) and defensive strain, which we predicted would be negative, and between sensitivity to carbachol (SC) and defensive strain, which we predicted would be positive. It can be seen that the first 2 patients conformed in general to the predicted pattern. They have correlations between base-line conductance and defensive strain that are negative, although not at a statistically significant level; and each of them has a statistically significant positive correlation between that psychological variable and sensitivity to carbachol. The other 2 patients deviate from these predictions. One of them (M.W.) has a positive correlation between base-line conductance and defensive strain that almost approaches significant levels. The other one (S.D.) has a negative correlation between sensitivity to carbachol and defensive strain that also almost approaches significant levels.
One further effort at control was dictated by the consideration that any cor- relation between psychological factors and sensitivity to carbachol might be due to the fact that in the patient's "sensitized" state, he had, in fact, more asthma, was complaining of it, and that these complaints served as cues to the judges. Correlations between reported complaints and defensive strain were possible in 3 patients; in the fourth (D.B.) there were no complaints during this period. It can be seen from Table 3 that these correlations between complaints and strain appear random and certainly insignificant.
Cases
The following clinical vignettes include a digest of the period of joint clinical and physiologic measurements in 4 patients, along with a qualitative summary of material from the fifth asthmatic, in whom tape-recorded interviews were not available and on whom quantitative ratings were not made. It will be noted that systematic ratings of "depressive strain" based upon interview protocols were initiated approximately midway in the experiment, when tape recording began; this limits the number of occasions on which they could be compared with physiologic measurements. We were not able to arrange for physical examinations during certain reported exacerbations between sessions; these are inferred from the patient's accounts, supplemented by our systematic weekly conductance measures.
CASE 1 (D.B.).
This 38-year-old unmarried mother of 1 child suffered from severe personality difficulties, requiring a prolonged stay at a state hospital during adolescence and early adulthood. In 1961, 3 years prior to coming under our observation, when she was age 35, she developed asthmatic difficulty. Symptoms were severe wheezing and shortness of breath. These were episodic; she tended to associate them with infection. In between episodes she was well, suggesting that the diagnosis was early asthma or asthmatic bronchitis.
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Her illness developed in the setting of disruption of relationship with the father of her child, a married man who left her after a turbulent affair, forcing her to return from another city to her mother, guilty, humiliated, and depressed. Her ambivalent and highly neurotic dependency upon her mother and sister made her seek therapeutic help. She developed a strong attachment to her therapist. After stormy initial ups and downs, both psychological and physiological, she showed considerable improvement. Although her underlying conflicts remained intense, her asthmatic symptoms became stabilized and relatively mild for long periods of time. It was during one of these that she had the period of psychophysiologic investigation charted in Fig. 2 .
During this period, from October 1964 to January 1965, the patient had at the start another respiratory infection marked by some impairment in airway conductance and fairly high readings for sensitivity to carbachol. Thereafter she improved. There was a period of emotional turmoil in early November, caused by a wrangle with her sister who threatened to have the patient's child, now 4 years old, taken away from her. Insecure herself in her role as a mother, the patient responded in dramatic fashion, threatening to murder her sister. A few days later a fatherly major in the Salvation Army assured her that no one could interfere with her right to bring up her son. She relaxed and seemed quite well throughout most of November 1964. During December problems began to mount as the Christmas season approached. Her mother was beginning to show symptoms of senility, making her more than usually irritable and unreasonable. The patient's intensified anger alternated with exaggerated guilt and some enhancement of her chronic depression. By Dec. 21, she was speaking with increasing rebelliousness, of being not only depressed but "tired of constant picking in the family." In addition, she acted out some of her rebellion by fighting with her landlord. Mounting strain increased in January 1965. Her supportive father figure suffered a myocardial infarction during a sermon which the patient had attended. Her response to this led into a deep mourning for her own father, who had died early in her life and whom she had continued to idealize. Fur-ther traumata were added early in January: she was told she had to move, since health authorities pronounced her apartment unacceptable for the rearing of her child. A few days later (Jan. 11) she learned that her niece, a likeable teen-age girl, had run away, reviving for the patient her own anxieties at a time when she had been raped and then institutionalized, a fate she was convinced now would befall her niece. Gradually, as this month wore on, these immediate sources of turmoil quieted down and the patient again became more stable.
Obviously one must be cautious in interpreting such a varied course. However, we were impressed by the trend of slowly increasing sensitivity to carbachol from the beginning of November to January, shown in Fig. 2 . (It should be noted in Fig. 2 and subsequent figures that "sensitivity to carbachol" or "adjusted difference score" is a derived scale, .such that increases or rises on the chart indicate increasing impairment.) The increasing sensitivity is paralleled by the independent judgment of increasing defensive strain made on the 13 interviews in December and January (Fig. 2) . The Spearmann r between this psychological variable and sensitivity to carbachol is +.58, significant at the .05 level of confidence. This correlation appears particularly meaningful, since it was reached in a period in which there were no clinical symptoms of asthma.
CASE 2 (P.L.).
This recently married male student, 22 years old at the time of first coming under our observation in 1962, had suffered from intermittent asthma since the age of 8. It had grown markedly worse at the time of his engagement and impending marriage, which coincided with a period of experimental study with us. He himself asked for psychiatric treatment. When that began, in the autumn of 1962, his wife had just become pregnant. A written prediction was made that his asthma would become considerably worse as she approached term. The prediction was frighteningly confirmed. As his wife's delivery was impending, he became agitated and excited, and described one brief period in which he was "laughing, crying, vomiting, and wheezing." He was admitted to the hospital with asthma which was accompanied by fulminating bronchiolar infection. The incident nearly cost him his life. He recovered after receiving intensive medical treatment. After that time he stabilized in psychotherapy and worked steadily at long-standing, incapacitating obsessive symptoms.
During the period of observation (Fig. 3) the patient was struggling with certain reality difficulties and certain old problems. He and his wife were having financial difficulties. He was trying to complete courses and get accepted into a highly valued postgraduate program. The period of intensive physiologic investigations itself stirred up reactions of rebelliousness underneath a facade of great compliance. In the interval spanned by the last 11 sessions, Dec. 3 through Jan. 28, a further important change took place in his life. He and his wife moved into the home of a divorced businessman to serve as custodians, baby-sitters, and quasi-members of the family. This move stirred up many tensions, centering around the patient's competitive feelings toward his father and longings for a more adequate father figure. These increased as Christmas approached and the man's own college-age children returned for the vacation. A period of turbulence and friction ensued, and in the interviews the patient's defenses were judged to be particularly shaky just prior to Christmas, on Dec. 22. His old conflicts were further revived when he spent Christmas Day at the home of his mother in a nearby city with his own 2 brothers. Shortly after that he reported overt asthma for the first time in some months. He then stabilized for 2 weeks, but on Jan. 12 he seemed again to be highly emotional. Grandiose thoughts and mild confusion in his speech vere noted, similar to that observed before his severe exacerbation 2 years earlier. Three weeks later he was in fact hospitalized again with acute asthma. Figure 3 shows that initially there were marked variations in the patient's base-line airway conductance and sensitivity to carbachol. These tended to damp down, although both measures fluctuated considerably. It is important to note that the correlation between sensitivity to carbachol and the independently rated defensive strain was .53 (by Spearmann r, significant at p < 0.05). Qualitatively it was also of interest that the peak rating of defensive strain preceded by several days a reported exacerbation of symptomatic asthma.
CASE 3 (M.W.).
This 27-year-old woman, separated from her husband, had been suffering from severe asthma for approximately 4 years before she first came to our attention in the summer of 1963. The asthma started shortly before her marriage to a passive and unreliable, although initially rather protective man. He began to drink heavily, and she began to display marked lack of responsibility in handling financial matters, going to such bizarre extremes as flushing money down the toilet. Their distress was aggravated by 2 miscarriages. The patient grew markedly worse after the second of these in January 1963. She sought psychotherapy the following summer, feeling that her increased asthma was related to separation from her husband, which had finally ensued. At the beginning of our relationship with her, she was living at home, dependent upon a dominant, overactive mother, with whom she was involved in infantile ambivalent conflict. This conflict was intensified by her therapy, which had both flagrant dependent aspects and a primitive erotic coloring. As some degree of resolution of this conflict occurred, she took steps toward leaving and starting a more independent existence. For a long time, while she acted out some of her sexual impulses, she had a regular pattern of severe asthmatic attacks over week ends. Interruptions of therapy were also characteristically followed by severe exacerbations, so that on several occasions she had to be rushed to the hospital.
During the period charted in Fig. 4 , from October 1964 to January 1965, the patient, initially, was moving from a phase of comparative stabilization into renewed conflict. This centered around involvement with a married man. She appeared to be handling great guilt about this relationship by a good deal of avoidance, staying away from sessions in the middle of October and again in the middle of November. In December, she was struggling with urges to confess her transgressions and stated that the transfer of treatment into a new room for experimental purposes made it increasingly difficult for her to talk. Finally, she confessed to her own family, first to a brother and then to her mother. Although the mother was reasonably tolerant, the patient decided herself to give up the guilt-laden relationship and "live up to the standards of her family." On Dec. 24, for the first time in many weeks she looked relaxed and in a good mood. To the therapist's surprise she said that she moved back with her parents where everything was "just fine." Predictably, after a few days the old ambivalent dependency upon her parents created new conflicts and feelings of rivalry with her siblings, which were prominent in the 2 final sessions of 1964. This culminated in generalized quarreling and battling with her family as the new year began. Figure 4 shows that values for sensitivity for carbachol tended to be low before the beginning of December; then they rose steadily. A dramatic decline coincided with the patient's renunciation of her friend and her return home. After that, again the values were considerably elevated. High ratings for defensive strain during the 12 sessions under study showed also a sharp decline just before Christmas. In spite of this one suggestive point of correspondence, the over-all rank order correlation between sensitivity to carbachol and defensive strain is not significant. In general, this patient, who had the most drastic acute attacks of this group of patients, showed a reasonably stable base-line conductance value, above the threshold of pathological values (.13 conductance units). She appears to have a type of explosive asthma different from that seen in other patients of this small population.
CASE 4 (S.D.).
This 27-year-old unmarried male graduate student took part in some experiments investigating physiologic properties of asthma. He had developed his illness in a situation of personal turmoil some years earlier when attempting to pursue his studies in a distant city. It was the first time he had been away from home and away from a life-long intense involvement with his mother. He developed severe anxiety and symptoms suggestive of border-line paranoia. After some counseling at his university, he returned home and gave up his formal program of study. Aware of intense but frustrated ambitions and struggling to get out of a lonely, isolated life, still centering around his attachment to his mother, he sought psychotherapy. He developed a strong attachment first to one, then to a second therapist. In spite of requiring considerable medication, including cortisone derivatives, upon which he had become dependent, he made considerable progress, though it was slow and punctuated by stormy relapses.
During the period of observation charted in Fig. 5 , he was at first intensely preoccupied with changes in career plans. He had left the store where he had been employed for more than 3 years and was casting around for other jobs, encountering disappointment as his unrealistic ambitions became confronted by his lack of training. He entertained the fantasy of pursuing a career in social work, for example, having had minimal experience in counseling. Unable to finance formal training, he applied for various other jobs, looking at them as only stop-gap affairs, and often communicating this to prospective employers, thus ensuring his rejection. During December and January, while under intensive study, his habitual pattern of disorganized, suspicious, and peculiar behavior was prominent. He re-VOL XXIX. NO. 5. 1967 acted to the increased experimental demands upon him with overt fears of attack. Then for most of the experimental period, from early December, 1964 until early February, 1965, he showed relative stabilization, albeit at a pathological level. He had an exaggeratedly submissive, cooperative, erotically tinged, unrealistically optimistic, even elated reaction. He felt that he was contributing to science by participating in the program. He discovered that the therapist had suffered a recent bereavement and felt that he, too, was mourning. He had a strange feeling of being fused with the therapist. In addition he felt, almost as if caricaturing a psychiatric patient, that he should confess his transference "love," and that this would bring about his cure. His positive feelings seemed to be a blend of deep craving for affection and cover-up for hostile and defiant feelings. Toward the end of the period of observation the latter feelings began to emerge at the conscious level. His habitual disorganization appeared less comfortable and he seemed to be struggling with anxieties over asserting himself in the world and facing his ambivalent and hostile feelings in the therapeutic situation. Figure 5 shows marked variation in base-line airway conductance and in sensitivity to carbachol. Neither of these measures correlates strikingly with ratings of defensive strain. The tendency toward a negative correlation between this variable and sensitivity toward carbachol may be partly a function of the small number of occasions (9) on which it was possible to make simultaneous observations. It may have been due partly to the bizarre nature of this man's personality structure and difficulty in ascertaining whether or not his defenses were serving him effectively or breaking down and placing him in genuine jeopardy.
CASE 5 (R.R.).
This 23-year-old male student had suffered from mild asthma since the age of 10. It had seemed to be purely seasonal and improving until he developed a severe and sustained exacerbation early in the course of his graduate studies. This appeared to be related to a conflict in him between pursuing his stated ambition or switching to a more specialized branch of study, which had been pursued by several of his near relatives. We felt that this conflict in turn stemmed from central difficulties in his sense of identity. A temporary solution was reached, in which he decided to take a year of specialized training, a step which allowed him to "have his cake and eat it," giving him further qualifications but letting him return to his original studies at the end of his year. Realizing his difficulties, he was readily persuaded to accept psychotherapy with one of our staff. Treatment appeared to help to clarify some of his underlying motivational confusion. Asthma at this juncture was presenting a minimal problem. A tall and powerfully built young man, he was able to exert his full strength and display a normal vital capacity despite evidence of minor impairment in airway conductance and a vigorous response, readily elicited, to the challenge doses of carbachol.
The period of investigation charted in Fig. 6 was one of considerable psychological stress. During it the patient made the final decision to get married and finally did so just before Christmas in 1964. In early autumn he had a feeling of abandonment. His parents were leaving their home. He was contemplating the step of matrimony and had a sense that this would leave him in a helpless and exposed position in life.
This attitude continued somewhat during the autumn, reaching another peak in December when he had intense feelings of anger connected with what he felt to be an exaggerated emphasis on experimentation rather than therapy in our program. Gradually these feelings subsided, although there was a resurgence of anxiety in December and early January, immediately before and right after his marriage. This phase of considerable psychological turbulence appeared to coincide with elevations of his sensitivity to carbachol. Figure 6 shows the patient's generally high levels of base-line conductance, along with his fluctuating but sizeable reaction to carbachol during the period of psychological stress. In general this young man illustrates the possibility of normal responses at most times to routine vital-capacity testing, due to his ability to breathe with maximum voluntary effort and overcome small increments of asthma. At the same time his asthmatic potential reveals itself in the exaggerated response to carbachol. Although we cannot be sure of psychophysiologic correlations, it seems likely that this sensitivity was fluctuating in a meaningful way in relation to the par- ticular life stresses this man was encountering during the period of intensive investigation.
Discussion
In this study the whole-body plethysmograph proved to be a reliable method for serial assessment of asthmatic subjects. We did not find the exaggerated reaction reported by some early investigators to the procedure itself. 20 The open Plexiglass construction, emotional support provided by the investigative team, and habituation to the procedure may have contributed to minimizing such effects. Our subjects were exposed to the plethysmograph in repeated small increments of time-that is, it was not used as a single large experiment itself, but rather as a measuring device in longterm studies.
Our results indicate relative stability of airway conductance in normal individuals. Our asthmatics showed not only lower conductance, but greater variability. Conductance was depressed during major symptomatic episodes. Furthermore, periods of low conductance at times could be observed to precede in humans; the former showed that wheezing might be one sign of fright in guinea pigs, while the latter suggested that it might be a quasi-voluntary respiratory maneuver in either normal or asthmatic subjects, having little relationship to true physiologic disturbance. White 30 also pointed out the marked discrepancy between subjective responses to hypnotic suggestions and objective measures of vital capacity. Using the more sensitive body plethysmograph and drug-challenge techniques, we find our results essentially agree.
We should note, however, that our technique of assessing subjective distress was crude. In future studies it will be important to get a more accurate subjective report and even to observe how well individuals are able to predict their own conductance levels. Our data so far are consistent with the view, also suggested by Ottenberg and Stein,-" that in certain asthmatics, at least, there may be a discrepancy between their subjective feelings and the actual degree of subliminal impairment, and that the latter may only be revealed by precise measurement of airway conductance.
In interpreting the latter it is also necessary to study a number of environmental factors. Widdicombe 31 -32 discusses the many influences acting in regulation of tracheobronchial smooth muscle. Although in several investigations central nervous control of the smooth musculature could be demonstrated, this is not the only responsible factor. Our present efforts to study the possible role of outside temperature, medication, allergy, and infection are only a step toward a genuine interdisciplinary and multifactorial approach, without which it will be impossible to put the role of psychological factors in proper perspective.
Change in conductance may be to some small extent dependent upon initial level, being greater when the latter is higher. Even allowing for this "initial value" effect, the adjusted difference score or, as we called it, sensitivity to carbachol, appeared to be an index of variation in subliminal response potential. Put otherwise, it seemed to reflect the chronic state of vulnerability, which we have suggested varies from time to time in different individuals. 13 
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The exact mode of action of the carbachol is unclear. In addition to its known effect upon the end organ, it may have possible additional central effects. It does appear well established that asthmatics are more sensitive than normal subjects to bronchoconstrictive agents, especially parasympathomimetic drugs.
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It has been suggested by others that variations in the degree of sensitivity in fact reflect changes in propensity to asthma. Tiffeneau 25 and Parker et al. 21 postulated that the amount of drug needed to achieve a threshold effect will be determined by what the patient himself might have or lack. Our preliminary results do not throw light on the question of mode of action but they do support the view that asthmatics are more sensitive than normals to such substances and that their sensitivity appears to vary with their total psychophysiologic state.
As to the precise role of psychological factors, we must be still more cautious. Even within our small and necessarily selected population, the role of emotions was indicated largely by suggestive clinical correspondences. In 2 subjects, blind ratings of defensive strain correlated with increases in sensitivity to carbachol. In one of these subjects the assessment of rising strain clearly preceded a reported clinical exacerbation of asthma. The other subjects showed occasional dramatic convergence of psychological state and sensitivity to carbachol, for example in the dramatic remission and then re-exacerbation of psychic and somatic distress in Patient 3 (M.W.) when she gave up her guilt-laden relationship to a man and moved to her parents' home at Christmas time. It may be that with her we are hampered by lack of an adequate way of following simultaneous fluctuating variables over time, a lack which Malmstrom et al.™ have pointed out in another connection.
The other carefully studied subject in this series (S.D.) had a severe personality disturbance with a good deal of disorganization. Post hoc it is possible to speculate that his initial protests about intensive testing, which appeared to be signs of strain actually were for him more reassuring and protective than the intense, semi-erotized feelings which developed later on during the course of this experiment and which for him were more threatening. In any event his data point to another problem-namely, the fact that our rating of personality factors, particularly those having to do with ego defensive processes, is still in the early stages.
Block et al. 1 have suggested that there may be a spectrum of asthmatics from those influenced predominantly by emotional factors to those with primarily a biologic and constitutional susceptibility. Other authors, such as Jacobs et al., n report contradictory evidence on this point. What is important here is to recall that asthma is a symptom which may appear in different forms in different individuals, possibly for different reasons. Again we must stress that our small sample was selected from a group of patients seeking help for psychological distress. How representative they are of asthmatics as a whole we cannot be sure. Even within our small group the discrepancy of subjective complaint, assessment of psychological stability, and actual physiologic impairment suggest thai we may be dealing with more than one type of asthmatic. It will be important to examine other patients by this type of intensive longitudinal investigation to get more information about the ebbing and flowing of these multiple factors over sequences of time.
Nevertheless, our preliminary observations seem important in indicating that a variable aimed at assessing defensive stability showed some relationship to mild degrees of impairment of conductance and armarent heightened vulnerability to asthma. They are consistent with the hypothesis that defensive breakdown mw lead to a lack of homeostatic regulatory control, which in turn mav play a nart in the waxing and waning of the asthmatic process.
Summary
For repetitive assessment of pulmonary function in bronchial asthma, 2 methods were combined: (1) use of the totalbody plethysmograph (after DuBois) to record airway resistance or its reciprocal conductance--a measure maximally independent of subject cooperation; and (2) a challenge technique (after Tiffeneau)
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-exposing subjects to a bronchoconstrictor substance, carbachol.
Five perennial asthmatics and 3 healthy comparison subjects showed fluctuations of base-line airway conductance from week to week, significantly greater in the group of asthmatics than in comparison subjects.
Variability in response to carbachol, present in routine vital-capacity determination, was more strikingly demonstrated in the body plethysmograph. Sensitivity to the bronchoconstrictor was determined independently from baseline values. Fluctuations in this "adjusted difference score" were significantly greater in the asthmatics than in comparison subjects.
Anxious reactions to the procedure itself, intensifying respiratory distress, occurred rarely, possibly minimized by design features of the plethysmograph.
Longitudinal study was possible in 4 of the 5 asthmatics, by administration of the dual measures immediately after tape-recorded psychotherapy sessions. Independent judges rated affects and made systematic assessment of "defensive strain," a predefined variable aimed at reflecting integrity of psychologic defenses. In 2 patients, although gross asthma was not present, there was statistically significant positive correlation between defensive strain and sensitivity to carbachol expressed in the adjusted difference score. One other patient showed 2 points of dramatic convergence but not significant over-all correlation. A fourth patient, the only one with near-psychotic features, showed a negative correlation which was almost statistically significant. P. H. K.
